Subcutaneous injection of 1mg of serotonin resulted in hypoglycemia, magnitude of which was less and a maximum was reached more slowly than the intravenous injection, in adrenodemedullated as well as in intact rats. Also in this case adrenodemedullation reduced secondary hyperglycemia, and anesthesia intensified hypoglycemic response (Fig. 6 ). Figure 7 shows that intraperitoneally administered serotonin in a dosage of 1mg resulted in an effect similar to, and smaller than that of intravenous dosage. The result of the littermate controlled experiment revealed that simultaneous serotonin significantly reduced epinephrine induced hyperglycemia (Fig. 8) . In this experiment, 500mg per 100g body weight of glucose was fed by a stomach tube 3 hrs. prior to the test, and it was confirmed that the liver of rats contained ample glycogen under such conditions (Kobayashi et al., 1960) . In another experiment with adrenodemedullated rats, intraperitoneal epinephrine in subcutaneous serotonin 90 mins. prior to administration of glucose, a specific and reproducible alteration of glycemic response was observed. Figure 13 shows an example of repeated trials on a single rat. Not only the slope of decay was completely different from that of the control, the initial peak of hyperglycemia was far lower in the serotonin pretreated group. When 850mg per kg body weight of inulin, instead of glucose, was intravenously administered, similar but more sustained type of concentration curves were obtained (Fig. 14) . Also in this case serotonin reduced both the peak height and the slope of decay.
In the chronically serotonin treated rats, glucose tolerance test showed a little faster disappearance of glucose from circulation than the control littermates, the difference was, however, barely significant (Fig. 15) .
The increased glucose uptake of diaphragms from non-fasted, serotonin injected adrenodemedullated rats is shown in Table 1 . The difference of the group mean from that of the control was significant at the level of 1%. This table also shows the result of similar experiment using fasted rats. Although the values of glucose uptake in the serotonin injected group was still larger than that of the In the latter, serotonin clearly enhanced the glucose uptake of diaphragms, when it was injected prior to the sacrifice of the animals.
DISCUSSIOIN
Several works which are stimulative to the present authors in hypothesizing physiological role of serotonin in carbohydrate metabolism are found in the literature. Correll and others (1952) were the first to administer 10 mg per kg body weight of serotonin into rats and 2.5 mg per kg into rabbits to observe hyperglycemic response. Failure of up to 500 pg per kg body weight of serotonin to produce a consistent rise of blood sugar in rabbits was also reported (Weitzel et al., 1956) . Although earlier reports relating to the effect of reserpine, a potent serotonin releaser, or the Rauwolfia serpentina extract, on blood sugar levels reached contradictory conclusions, hypoglycemic instead of hyperglycemic responses were observed in cats (Chatterjee et al., 1957) , dogs (Kiersz et al., 1957) and human subjects (Marshall et al., 1958; Cazzaroli and Dall'Oglio, 1958) . It is now well known that the concept of serotonin-mediated reserpine action is oversimplification, and the earlier complication may be explicable with the simultaneous release of catechol amines (Holzbauer and Vogt, 1956) .
In his studies of insulinase-inhibitor, Mirsky (1957) administered several indole derivatives, most of which were the plant growth regulators, and observed hypoglycemia by huge oral dose of serotonin in rats. Since of serotonin not only shares the ability to alter plant cell membranes with indole-3-acetic acid (Pickles and Sutcliffe, 1955) but also seems to produce selective alterations in permeability of animal cell membrane, some insulin-like rather than insulin-sparing activity may be expected. Seltzer and Smith (1958) found no significant variation of plasma insulin aci ivity from fasting control, after oral administration of 100 mg per kg body weight of indole-3-acetic acid.
Poisoning with Amanita phalloids, a toxic mushroom, has been characterized by the peculiar hypoglycemia, whereas the pancreas of intoxicated guinea pigs contained normal amount of hormones (Cova and Minetti, 1957) . It would not be out of place to note that a-amanitine is thought to be derived from 5-hydroxytryptophan.
While 5-hydroxytryptophan decarboxylase as a route of physiological tryptophan metabolism which leads to serotonin is now well established (Udenfriend et al., 1953) , Kotake and Inada (1953) demonstrated that anomaly of tryptophan metabolism caused by pyridoxine deficiency resulted in diabetic condition through the a ccumulation of xanthurenic acid. Pyridoxal phosphate is also indispensable for the 5-hydroxytryptophan pathway, whereas normal amounts of 5-hydroxyindole-3-acetic acid were found in diabetic urine when tryptophan was administered (Wiseman et al., 1958 increment of diaphragmatic glucose uptake than the fed ones. This finding seems to suggest the participation of other mechanisms, such as interaction of injected serotonin with endogenous insulin, or specific activity of serotonin to affect cell permeability. The present data show that hyperglycemia after serotonin treatment are largely, if not all, due to the liberation of epinephrine from the adrenal medulla of the rats. This is in accord with the observation in cats (Reid, 1952) . Since it has been reported that serotonin also induces liberation of histamine (Feldberg and Smith, 1953) , and histamine has been shown to cause hyperglycemia (Papacostas et al., 1958) , participation of histamine in hyperglycemic response after serotonin is not improbable. Use of adrenodemedullated rats a week after the operation, instead of usual 3 weeks, has been found in this laboratory more suitable for this type of assay, because control glycemia was found to be more steady in 1 week post-operation, than 3 weeks or more post-operational. It is easily understandable that elimination of the major source of endogenous epinephrine greatly sensitizes the rats to serotonin treatment, and greater hypoglycemic response can be obtained.
As to the route of administration, serotonin induced larger and more lasting decrease of blood sugar on subcutaneous than on intraperitoneal injections. This may be explicable either with the rapid destruction in hepatic tissue, or with the enhanced glycogenolysis in liver and masking of hypoglycemia with the resultant glucose. The former case seems to be more likely, because even glucose fed rats, as stated above, showed sometimes no hyperglycemia with larger dose of serotonin, and because serotonin inhibited epinephrine induced hyperglycemia. If enhanced hepatic glycogenolysis does exist, it is not reflected as an increase of blood glucose in the whole animal experiment, by unknown mechanism.
The possibility stated above, that serotonin modifies the action of endogenous insulin can not be excluded from the data on alloxan diabetic rats, because alloxan diabetic rats are not necessarily insulin-free. More marked hypoglycemia after insulin plus serotonin than insulin alone, as well as the larger response to exogenous insulin and steeper glucose tolerance curve than controls of chronically serotonin-treated rats suggest involvement of insulin in serotonin induced hypoglycemia. However, these findings should further be confirmed, and whether these effects are result of any interaction between insulin and serotonin or merely additive ones needs further clarification.
Results of glucose tolerance test after single dose of serotonin should not be interpreted solely on the rate of disappearance of glucose from the circulation. Among the factors which might be responsible for the lowered initial peak of blood glucose,mechanical hindrance such as obstruction of circulation, especially in periphery, seems to be improbable because the tests were carried out 90 mins. after the subcutaneous injection of serotonin. As stated above, at this stage virtually no acute pharmacological reactions such as bradypnea, vasoconstriction or blanching of the extremities were observed. Analogy of the results obtained with inulin injection suggests alterations of extracellular space, although much have to be done to confirm this point. 
